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Abstract: Abnormalities in amphibians have been reported around the world in a broad number of taxa
(e.g., Mahapatra et al., 2001; Piha et al., 2006; Dias and Carvalho-e-Silva, 2012; Wagner et al., 2015).
The terminology used to describe the diversity of morphological abnormalities was defined by Henle et al.
(2017) and followed by us in the present work. Many factors influence the development of morphological
abnormalities in amphibians, such as genetic predisposition (Droin and Fischberg, 1980; Correia et al.,
2018), heavy metal concentrations (Zocche et al., 2013; Huang et al., 2014), hyperregeneration following
trauma (Van Valen, 1973; Thomson et al., 2014), radiation exposure (Blaustein et al., 1997), diseases
and parasites (Sessions and Ruth, 1990; Sessions et al., 1999; Kiesecker, 2002), and habitat pollution
by agricultural pesticides (Ouellet et al., 1997; Sparling et al., 2015; Koleska and Jablonski, 2016), with
the last factor has being identified as the major cause for such malformations (Lunde and Johnson,
2012). Synergistic interactions of some of these factors may also influence malformations (Kiesecker,
2002; Johnson et al., 2006). Rates of abnormalities are considered natural when present in less than 5%
of the population (Stocum, 2000).
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Abnormalities in amphibians have been reported around 
the world in a broad number of taxa (e.g., Mahapatra et 
al., 2001; Piha et al., 2006; Dias and Carvalho-e-Silva, 
2012; Wagner et al., 2015). The terminology used to 
describe the diversity of morphological abnormalities 
was defined by Henle et al. (2017) and followed by us 
in the present work.
Many factors influence the development of 
morphological abnormalities in amphibians, such as 
genetic predisposition (Droin and Fischberg, 1980; 
Correia et al., 2018), heavy metal concentrations (Zocche 
et al., 2013; Huang et al., 2014), hyperregeneration 
following trauma (Van Valen, 1973; Thomson et al., 
2014), radiation exposure (Blaustein et al., 1997), 
diseases and parasites (Sessions and Ruth, 1990; Sessions 
et al., 1999; Kiesecker, 2002), and habitat pollution by 
agricultural pesticides (Ouellet et al., 1997; Sparling et 
al., 2015; Koleska and Jablonski, 2016), with the last 
factor has being identified as the major cause for such 
malformations (Lunde and Johnson, 2012). Synergistic 
interactions of some of these factors may also influence 
malformations (Kiesecker, 2002; Johnson et al., 2006). 
Rates of abnormalities are considered natural when 
present in less than 5% of the population (Stocum, 
2000).
Abnormalities in anurans of the family Hylidae have 
been reported for both larval (e.g., Sayim and Kaya, 
2006; Silva and Toledo, 2010; Peltzer et al., 2013; Natale 
et al., 2018) and adult individuals (e.g., Lannoo, 2008) 
and include several types of morphological alterations. 
Besides abnormal colour patterns (e.g., Henle et al., 
2017; Sousa and Costa-Campos, 2017), there are 
records of sacrum asymmetric in Boana geographicus 
(Peloso, 2016); anophthalmy in Dendropsophus 
luddeckei, Boana faber (both eyes), Boana fasciatus 
and Osteocephalus leprieurii (Ramalho et al., 2017; 
Brassaloti and Bertoluci, 2018; Suárez, 2018); gonadal 
malformations in Scinax fuscovarius (Goldberg, 2015); 
brachydactyly, syndactyly, and ectromely in Isthmohyla 
rivularis (Hedrick and Cossel Jr, 2014); polymely 
in Hyliola regilla and Acris crepitans (Reynolds and 
Stevens, 1984; Sessions and Ruth, 1990; Gray, 2000; 
Johnson et al., 2003; McCallum and Trauth, 2003); 
ectrodactyly in Pseudacris streckeri (Gridi-Papp and 
Gridi-Papp, 2005); brachydactyly (Ectrodactyly) in 
Corythomantis greening (Silva-Soares and Mônico, 
2017); and several hind leg malformations (mostly amely) 
in North American Hylids suchlike Acris crepitans, 
A. gryllus, Dryophytes arenicolor, D. chrysoscelis, D. 
cinereus, D. femoralis, D. squirellus, D. versicolor, D. 
wrightorum, Osteopilus septentrionalis, Pseudacris 
cadaverina, P. crucifer, P. feriarum, P. maculata, P. 
ocularis, P. ornata, P. regilla and P. triseriata (Lannoo, 
2008). Despite the vast knowledge regarding different 
types of anomalies in Hylidae, we failed to find any 
record of schizodactyly (following Henle et al. (2017): 
“especial case of polydactyly in which the proximal 
parts of the duplicated digit are fused”) in this family. 
We reviewed all cases of polydactyly with special care 
to avoid misconceptions due to the usage of different 
terminologies, but we found either different types of 
anomalies or inconclusive information. Therefore, 
to our knowledge, this is the first formal report of 
schizodactyly in the Hylidae family. 
During a nocturnal survey in Botucatu Municipality in 
the rural area of São Paulo state, southeastern Brazil, on 
22 March 2015, we collected an adult male specimen 
of Scinax squalirostris presenting an extra phalanx on 
left toe IV (Fig. 2a). The frog was found vocalizing 
on top of a grass leaf of a highly environmentally 
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impacted swamp area close to the city (22°56’20.4”S, 
48°27’36.8”W). The anomaly did not seem to impair 
the individual’s climbing abilities and was only noticed 
during specimen fixation. The individual was deposited 
at the Museum of Zoology of the University of São 
Paulo (MZUSP158735).
We assessed the bony structure as well as the soft tissue 
arrangement through the usage of Micro-computed 
tomography (micro-CT) and histological techniques. 
Scanning was performed in 360o with at least 1061 
images per scan, with x-ray operating at 43 kV and 
exposure time of 750 ms (Fig. 2b), using a SKYSCAN 
1176 in viva microtomograph. We then carefully 
dissected the abnormal toe from the rest of the foot and 
dehydrated the sample in an ascending series of ethanol 
following the procedures for histological examination. 
The sample was resin-embedded, sectioned transversely 
at 4.5 µm and mounted onto microscope slides. Sections 
were stained with toluidine blue/basic fuchsine for 
general histology (Junqueira, 1995). 
The histology of toe IV was analysed alongside the 
histology of the extra phalanx and observations showed 
that both structures are similar. Between the medial 
and proximal phalanx of toe IV we observed a lateral 
expansion of connective tissue and epidermis forming 
the extra phalanx (Fig. 1a). As sections progress, a new 
phalanx can be seen in this projection, composing its 
bone structure (Fig. 1b-d). We observed a thin layer 
of connective tissue between the phalanx of the toe IV 
and the phalanx of the extra finger (Fig. 1b-d). When 
compared to the position of the toe’s IV phalanx, the 
extra finger is closer to the dorsum of the hind limb and 
Figure 1. Light micrographs of the extra finger stained with toluidine blue/basic fuchsin. (A) Notice the lateral expansion between 
the toe’s IV medial and proximal phalanx. (B, C, D) Notice the phalanx of the extra finger closer to the dorsum of the hind limb and 
a thick layer of connective tissue with forming glands below the bone structure as sections progress. ep., epidermis; ct., connective 
tissue; dg., developing glands; tp., toe’s phalanx; ep., extra finger’s phalanx.
a thicker layer of connective tissue with developing 
glands and epidermis is visible below the extra phalanx 
(Fig. 1b-d). Epidermis is thin, with a keratinized outer 
layer and gland ducts opening to the exterior as generally 
seen in anuran’s epidermis (Brunetti et al., 2012). 
We were not able to infer the cause of the abnormality. 
Although Scinax squalirostris is known to be more 
sensitive to chemicals, such as chromium, than some 
other anuran species (Natale et al., 2000), no other 
malformed frogs were seen at this locality. We thereby 
suggest that this case of schizodactyly probably 
resulted of natural causes. Genetic mutations associated 
with limb and digit development, such as BmP, FgF 
Hedgehog, and Hox, have been reported to induce 
this kind of malformation (Droin and Fischberg, 1980; 
Correia et al., 2018). However, further investigation is 
required regarding the underlying processes driving this 
specific malformation.
Acknowledgments. We thank Dr. Pedro Henrique dos Santos 
Dias, Dr. Katyuscia Araujo-Vieira and Dr. Taran Grant for the 
critical review and helpful suggestions on the manuscript. We also 
thank CNPq (#134290/2015-1) for funding this work. ICMBio 
permit number 50368-1.
References
Brassaloti, R.A., Bertoluci, J. (2018): A case of bilateral 
anophthalmy in an adult Boana faber (Anura: Hylidae) from 
southeastern Brazil. Phyllomedusa: Journal of Herpetology 17: 
285–288.
Blaustein, A.R., Kiesecker, J.M., Chivers, D.P., Anthony, R.G. 
(1997): Ambient UV-B radiation causes deformities in 
amphibian embryos. Proceedings of the National Academy of 
Sciences 94: 13735–13737.
Brunetti, A.E., Hermida, G.N., Faivovich, J. (2012): New insights 
into sexually dimorphic skin glands of anurans: the structure 
and ultrastructure of the mental and lateral glands in Hypsiboas 
punctatus (Amphibia: Anura: Hylidae). Journal of Morphology 
273: 1257–1271.
Correia, L.L., de Almeida, J.P.F.A., Lisboa, B.S., Nascimento, 
F.A. (2018): Brachydactyly in the toad Rhinella granulosa 
(Bufonidae) from the Caatinga of Brazil: a rare case with all 
limbs affected. Herpetology Notes 11: 445–448.
Dias, P.D.S., Carvalho-e-Silva, A.M.P.T. (2012): Records of 
abnormalities in Proceratophrys appendiculata (Günther, 1873) 
(Anura; Cycloramphidae; Alsodinae). Herpetology Notes 5: 
197–199.
Droin, A., Fischberg, M. (1980): Abnormal limbs (abl), a recessive 
mutation affecting the tadpoles of Xenopus laevis. Experientia 
36: 1286–1288.
Goldberg, J. (2015): Gonadal differentiation and development in 
the snouted treefrog, Scinax fuscovarius (Amphibia, Anura, 
Hylidae). Journal of Herpetology 49: 468–478.
Gray, R.H. (2000): Historical occurrence of malformations in the 
cricket frog, Acris crepitans, in Illinois’. Transactions of the 
Illinois State Academy of Science 93: 279–284.
Gridi-Papp, M., Gridi-Papp, C.O. (2005): Abnormal digits in 
strecker’s chorus frogs (Pseudacris streckeri, Hylidae) from 
central Texas. The Southwestern Naturalist 50: 490–495.
Hedrick, A.R., Cossel J.R., J.O. (2014): Limb Malformations of 
the Critically Endangered Stream-breeding Frog Isthmohyla 
rivularis in the Monteverde Cloud Forest Preserve, Costa Rica. 
Herpetological Review 45: 5–8.
Henle, K., Dubois, A. (2017): Studies on Anomalies in Natural 
Populations of Amphibians. Mertensiella 25: 185–242.
Huang, M.Y., Duan, R.Y., Ji, X. (2014): Chronic effects of 
environmentally-relevant concentrations of lead in Pelophylax 
Abnormalities in hylid frogs: a case study of schizodactyly in Scinax squalirostris 1017
Figure 2. Dorsal view of schizodactyly on the toe IV of the left hind limb in Scinax squalirostris. (A) External morphology 
showing all toes, including the extra finger described in this study. (B) CT scan showing the bone morphology of all toes and 
including a bony structure of the extra finger.
nigromaculata tadpoles: Threshold dose and adverse effects. 
Ecotoxicology and environmental safety 104: 310–316.
Johnson, P.T., Lunde, K.B., Zelmer, D.A., Werner, J.K. (2003): 
Limb deformities as an emerging parasitic disease in 
amphibians: evidence from museum specimens and resurvey 
data. Conservation Biology 17: 1724–1737.
Johnson, P.T., Preu, E.R., Sutherland, D.R., Romansic, J.M., 
Han, B., Blaustein, A.R. (2006): Adding infection to injury: 
synergistic effects of predation and parasitism on amphibian 
mal-formations. Ecology 87: 2227–2235.
Junqueira, L.C.U. (1995): Histology revisited: technical 
improvement promoted by the use of hydrophilic resin 
embedding. Ciência e Cultura 47: 92–95. 
Kiesecker, J.M. (2002): Synergism between trematode infection 
and pesticide exposure: a link to amphibian limb deformities in 
nature? Proceedings of the National Academy of Sciences 99: 
9900–9904.
Koleska, D., Jablonski, D. (2016): Two cases of unclear hindlimb 
malformation in Bombina variegata. Ecologica Montenegrina 
9: 56–58.
Lannoo, M. (2008): The collapse of aquatic ecosystems: malformed 
frogs. University of California press, 1st Edition. Berkeley, Univ. 
of California Press.
Lunde, K.B., Johnson, P.T. (2012): A practical guide for the study of 
malformed amphibians and their causes. Journal of Herpetology 
46: 429–442.
Mahapatra, P.K., Mohanty-Hejmadi, P., Chainy, G.B. (2001): 
Specific limb abnormalities induced by hydrogen peroxide 
in tadpoles of Indian jumping frog, Polypedates maculatus. 
NISCAIR-CSIR 39: 1103–1106.
McCallum, M.L., Trauth, S.E. (2003): A forty-three year museum 
study of northern cricket frog (Acris crepitans) abnormalities in 
Arkansas: upward trends and distributions. Journal of Wildlife 
Diseases 39: 522–528.
Natale, G.S., Basso, N.G., Ronco, A.E. (2000): Effect of Cr (VI) 
on early life stages of three species of hylid frogs (Amphibia, 
Anura) from South America. Environmental Toxicology: An 
International Journal 15: 509–512.
Natale, G.S., Vera-Candioti, J., de Arcaute, C.R., Soloneski, S., 
Larramendy, M.L., Ronco, A.E. (2018): Lethal and sublethal 
effects of the pirimicarb-based formulation Aficida® on Boana 
pulchella (Duméril and Bibron, 1841) tadpoles (Anura, Hylidae). 
Ecotoxicology and environmental safety 147: 471–479.
Ouellet, M., Bonin, J., Rodrigue, J., DesGranges, J.L., Lair, S. 
(1997): Hindlimb deformities (ectromelia, ectrodactyly) in free-
living anurans from agricultural habitats. Journal of wildlife 
diseases 33: 95–104.
Peloso, P.L. (2016): Osteological malformation in the tree frog 
Hypsiboas geographicus (Anura: Hylidae). Phyllomedusa 15: 
91–93.
Peltzer, P.M., Lajmanovich, R.C., Attademo, A.M., Junges, 
C.M., Cabagna-Zenklusen, M.C., Repetti, M.R., Sigrist, M.E., 
Beldoménico, H. (2013): Effect of exposure to contaminated 
pond sediments on survival, development, and enzyme and 
blood biomarkers in veined treefrog (Trachycephalus typhonius) 
tadpoles. Ecotoxicology and environmental safety 98: 142–151.
Piha, H., Pekkonen, M., Merilä, J. (2006): Morphological 
abnormalities in amphibians in agricultural habitats: A case study 
of the common frog Rana temporaria. Copeia 2006: 810–817.
Ramalho, W.P., Maffei, F., Guerra, V., da Silva, D.P., de Matos, 
L.R., Vieira, L.J. (2017): Anophthalmia in adults of two 
Amazonian treefrog (Anura: Hylidae). The Herpetological 
Bulletin 139: 43–44.
Reynolds, T.D., Stephens, T.D. (1984): Multiple ectopic limbs in 
a wild population of Hyla regilla. The Great Basin Naturalist 
44: 166–169.
Sayim, F., Kaya, U. (2006): Effects of dimethoate on tree frog (Hyla 
arborea) larvae. Turkish Journal of Zoology 30: 261–266.
Sessions, S.K., Ruth, S.B. (1990): Explanation for naturally 
occurring supernumerary limbs in amphibians. Journal of 
experimental Zoology 254: 38–47.
Sessions, S.K., Franssen, R.A., Horner, V.L. (1999): Morphological 
clues from multilegged frogs: are retinoids to blame? Science 
284: 800–802.
Silva, N.R., Toledo, L.F. (2010): Bokermannohyla saxicola (NCN), 
Scinax curicica (Lanceback Treefrog), Scinax squalirostris 
(Snouted Treefrog), Trachycephalus mesophaeus (Golden-eyed 
Treefrog), and Elachistocleis sp. (Oval Frog). Morphology. 
Herpetological Review 41: 333–334.
Silva-Soares, T., Mônico, A.T. (2017): Hind limb malformation 
in the treefrog Corythomantis greening (Anura: Hylidae). 
Phyllomedusa 16: 117–120.
Sousa, J.C., Costa-Campos, C.E. (2017): Records of ocular anomaly 
in two species of anurans in Eastern Amazon. Herpetology 
Notes 10: 413–415.
Sparling, D.W., Bickham, J., Cowman, D., Fellers, G.M., Lacher, 
T., Matson, C.W., McConnell, L. (2015): In situ effects of 
pesticides on amphibians in the Sierra Nevada. Ecotoxicology 
24: 262–278.
Stocum, D.L. (2000): Frog limb deformities: An “eco-devo” riddle 
wrapped in multiple hypotheses surrounded by insufficient data. 
Teratology 62: 147–150.
Suárez, J.E.C. (2018): Anoftalmia en Dendropsophus luddeckei 
(Anura: Hylidae) en un agroecosistema pastoril de Villa de 
Leyva, Colombia. Revista Latinoamericana de Herpetología 1: 
53–54.
Thompson, S., Muzinic, L., Muzinic, C., Niemiller, M.L., Voss, 
S.R. (2014): Probability of regenerating a normal limb after 
bite injury in the Mexican axolotl (Ambystoma mexicanum). 
Regeneration 1: 27–32.
Van Valen, L. (1974): A natural model for the origin of some higher 
taxa. Journal of Herpetology 8: 109–121.
Wagner, N., Lötters, S., Veith, M., Viertel, B. (2015): Acute toxic 
effects of the herbicide formulation Focus® Ultra on embryos 
and larvae of the Moroccan painted frog, Discoglossus scovazzi. 
Archives of environmental contamination and toxicology 69: 
535–544.
Zocche, J.J., Damiani, A.P., Hainzenreder, G., Mendonça, R.Á., 
Peres, P.B., dos Santos, C.E.I., Debastiani, R., Dias, J.F., de 
Andrade, V.M. (2013): Assessment of heavy metal content and 
DNA damage in Hypsiboas faber (anuran amphibian) in coal 
open-casting mine. Environmental toxicology and pharmacology 
36: 194–201.
Accepted by Gonçalo Rosa
Gabriel Jorgewich-Cohen et al.1018
